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The purpose of this report is to analyze the economic factors affecting the regulation of radionuclides 

in the twelve categories listed below. For each ,category, the industry was profiled and analyses 

regarding the cost of applying the controls suggested in the Volume I1 of the Background Information 

Document, the cost effectiveness of the controls, and their effect on production costs and on regional 

and local economies were performed. 

The categories considered were: 

I. The Uranium Fuel Cycle Facilities 

2. Underground Uranium Mines 

3. Inactive Uranium Mill Tailings 

4. Licensed Uranium Mill Tailings 

5. High-Level Waste Disposal Facilities 

6. Department of Energy Facilities 

7. Department of Energy Radon Facilities 

8. Elemental Phosphorus 

9. Phosphogypsum Stacks 

10. Coal Fired Boilers 

I I .  Nuclear Regulatory Commission Licensed and non-DOE Federal Facilities 

12. Surface Uranium Mines 

The data regarding the control options was developed for Volume I1 and was incorporated into the 

economic analysis. Other economic data was gathered from public available information. 
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CHAPTER 1 

URANIUM WEL. C V a E  





1. U R A N I U M  F U E L  CYCLE FACILITIES 

1.1 Introduction and Summarv 

The uranium fuel cycle involves six types of major industrial facilities. These major facilities 

include: 

o Uranium mills 

o Uranium hexaflouride conversion facilities 

o Uranium enrichment facilities 

o Fuel fabricators 

o Light-water power reactors 

o Fuel reprocessing plants 

Releases of radioactive materials from these sources are subject to the limits established by 40 CFR 

190. A comprehensive evaluation of the potential public health impacts of the release of radioactive 

materials into the ambient air from the uranium fuel cycle was prepared by the EPA and a list can 

be found in Volume 2 of this Final Environn~ental Impact Stalement [EPA89]. The uranium 

enrichment facilities are discussed in Chapter 6 ,  "Department of Energy Facilities." Fuel reprocessing 

plants are not discussed since there are currently no operating fuel reprocessing plants in the United 

States. The remaining four types of facilities are discussed below. 

This chapter will provide a brief industry profile, estimates of emissions and associated risk levels, 

discussion of feasible emission control methods, and an economic impact analysis. The risk to 

regional populations (persons living within 80 km of the source) from the four facility types covered 
1 in this chapter are estimated to be equivalent to one fatal cancer every one hundred years. Risk to 

both regional and national populations are estimated to be equivalent to one fatal cancer every ten 

years [EPA89]. 

l ~ x c l u d i n ~  radon emissions from uranium mill tailings. 

1-1 



1.2 Industrv Profile 

1.2.1 Introduction 

The four major components of the uranium fuel cycle included in this chapter are uranium mills, 

uranium conversion facilities, fuel fabrication facilities, and nuclear power facilities. These facilities 

are licensed by the Nuclear Regulatory Commission (NRC) or the Agreement States. Each of these 

four facility types are briefly described below. More detailed descriptions for some may be found 

in complementary chapters for uranium mill tailing piles and uranium enrichment plants. A fifth 

major component, uranium enrichment facilities, are owned by the Federal government and operated 

by contractors under the direction of the Department of Energy (DOE). Enrichment facilities are 

considered in Chapter 6. 

1.2.2 Uranium Mills 

A detailed profile of the uranium mill industry is contained in Chapter 4: "Licensed Uranium Mill 

Tailings." Although there are 27 uranium mills within the U.S., only four were operating in 1988. 

Of the remainder, eight were on standby, fourteen were being decommissioned and one was never 

operated. The four operating mills have a total capacity of 9,600 tons of ore per day, reflecting a 

decline in capacity from 50,000 tons per day in 1981 when 21 plants were in operation, (Tables l -  

I and 1-2 present data on milling capacity and the recent capacity trends). These developments are 

due to a combination of I )  rising imports and 2) declining demand resulting from cancellation of 

nuclear power plant construction projects. Domestic production of yellowcake, the product of 

uranium milling, is expected to increase over ten percent by the year 2000, but short-run forecasts 

of domestic production call for a continuing decline [DOE87b]. The financial strength of the 

industry has weakened considerably since its peak demand years in late 1970's and early 1980's. The 

industry was unprofitable for three of the past five years. 

1.2.3 Uranium Conversion Facilities 

There are two commercially operating conversion facilities in the United States. These facilities 

purify uranium oxide or yellowcake to uranium hexafluoride (UF6), the chemical form of the 

uranium entering the enrichment plant. The two conversion facilities are the Allied Chemical 

Corporation facility at Metropolis, Illinois and the Kerr-McGee Nuclear Corporation at Sequoyah, 

Oklahoma. The Allied plant is a dry process plant with a capacity of 12,600 metric tons per year and 

has been operational since 1968, while the Kerr-McGee plant is a wet process plant with a capacity 



Table 1-1: Uranium Mills Licenses by the U.S. Nuclear Regulatory Commission 
as of December I .  1988 

Licensee 

American Nuclear 
Anaconde 
Atlas Minerals 
Bear Creek Uranium 
Bodum Resources 
Chevron Resources 
Conoco-Pioneer 
Cotter 
Dawn Mining 
Exxon 
Exxon Minerals 
Homestake Mining 
BP American 
Minerals Exploration 
Pathfinder Mines 
Pathfinder Mines 
Petrotomics 
Plateau Resources 
Quivira 
Rio Alogm 
TVA 
Umetco Minerals 
Umetco Minerals 
Umetco Minerals 
U N C  Mining 
Western Nuclear 
Western Nuclear 

Location 

Gas Hills. WY 

Moab, U T  
Converse Co., WY 
Marouez. NM 
~ a n n a   aria, T X  
Falls City, T X  
Cannon City, CO 
Ford, WA 
Ray Point, T X  
Converse Co., WY 
Grants, NM 
Seboyeta, NM 
Sweetwater Co., WY 
Gas Hills, WY 
Shirley Basin, WY 
Shirley Basin, WY 
Shootaring, U T  
Ambrosia Lake, NM 
La Sat, U T  
Edgemont, SD 
Gas Hills, WY 
Blanding, UT 
Uravan, CO 
Church Rock, NM 
Jeffrey City, WY 
Wellpinit, WA 

Rated 
Capacity 

(tons/day) 

950 
6000 
1400 
2000 
2000 
2500 
3400 
1200 
450 
- - 

3200 
3400 
1600 
3000 
2500 
1700 
1500 
750 
- - 

750 
- -  

1400 
2000 
1300 
3000 
1700 
2000 

STATUS CODES: PROCESS CODES: 

= Facility Operating 1 = Acid Leach 
Facility Shutdown 2 = Alkaline Leach 

= Facility Being Decommissioned 3 = Solvent Extraction 
= Facility Built, Never Operated 4 = Carbonate Leach 

5 = Eluex 
6 = Caustic Precipitation 
7 = Column ion exchange 

Status Process 

SOURCE: [EPA89] 



Table 1-2 Uranium Mill Capacity (Tons of Ore pea Day) 

Year 

Operating Total 
Capacity Capacity 

Total Operating Utilization Utilization 
Capacity Capacity Rate Rate 

Source: (DOE 87 ) 



of 9,100 tons per year that has operated since 1970 [AEC7J, DOE881. It is anticipated that the 

existing uranium conversion plants will be able to accommodate the future demand for uranium by 

nuclear power plants. 

1.2.4 Fuel Fabrication Facilities 

There are seven licensed uranium fuel fabrication facilities in the United States, but only five were 

actively operating as of January 1, 1988. Table 1-3 lists and describes the seven facilities. Light 

water reactor (LWR) fuels are fabricated from uranium which has been enriched in the U-235 

isotope. The uranium hexafluoride, UFg, is processed to increase the U-235 content from 0.7 

percent up to two to four percent by weight. The enriched uranium hexafluoride product is shipped 

to the LWR fuel fabrication plant where it is converted into solid uranium dioxide pellets and 

inserted into zirconium tubes that are fabricated into fuel assemblies for use in nuclear power plants. 

Two of the five operating facilities use enriched uranium hexafluoride to produce fuel assemblies, 

while two use uranium dioxide. The fifth facility converts UF6 to U02  and recovers uranium from 

scrap materials generated in the various processes at the plant. There are two processes used to 

convert UF6 to U 0 2  - a wet process, ammonium diuranate, and a dry process, direct conversion. 

1.2.5 Lieht-water Power Reactors 

There are 102 operable commercial nuclear power reactors in the United States. Of these, 

approximately two-thirds are pressurized water (PWR) and one-third are boiling water reactors 

(BWR) [NNSS]. 

The future of the nuclear power industry in the United States depends on the demand for electricity, 

interest rates, prices of alternative fuels, environmental concerns, the regulatory climate, and public 

attitudes. The probable range of nuclear power capacity by the year 2000 is estimated to be from 

100 to 110 plants. 

1.3.1 Introduction 

The emission rate for a facility wilt depend on the source and the control system currently in use. 

Risk levels depend on the emission levels, release points, demographic and meteorological factors and 



Table 1-3: Light Uater Commercial Fuel Fabrication Fac i l i t ies  Licensed by the Nuclear 
Regulatory Cmiaaion as o f  June, 1987. 

1980 Operating 
Proccas Used operating License 

Fac i l i ty  t o  Convert Capacity as of 
L i  censee ~oca t ion  operations UF6 t o  UOZ Final Product ttonslycar) J m  1987 
= = = S = I E = = ~ - l = I L ~ ~ = 3 ~ = - ~ 3 - - - C -  _--a___I__E==l====_ 

Advanced 
Nuclear 
Fuels 

Babcock L 
Nilcox - 
CNFP 

Babcock & 
U i  lcox 

Rf chland, LEU a/ Conversion Dry L Uet Complete Fuel 650 NO 
Vashington (UF6 t o  U02), A s s b l i e s  

Fabrication L Scrap 
Recovery; Corercia1 
LUR Fuel 

Lynchburg, 
Virginia 

LEU Fabrication; Use W2 Powder (250) YES 
Cwuicrcial LUR Fuel --- t o  P d u c e  Fuel 

Assnblier 

m l l o ,  Authorized Decontam- Vet WZ Powder 
Pennsylvania ination; Pmding 

Nuclear Rcactor 
service operations 

Combustion Uindsor, LEU Fabrication; Use UOZ Powder (150) YES 
Engineering Connecticut Commer~ial LUR Fuel --- t o  Produce Fuel 

Y Asanblies 
0 

Colbustion Hematite, LEU cmversion D ~ Y  W ?  Powder 
Engineering Uiaswri  (UF6 t o  U02) & 

scrap Recovery 

150 YES 

General Ui Lmington, LEU C m v e r ~ i m  Dry P Vet Conplcta Fuel 1,5W YES 
Electric North Camlina (UF6 t o  WZ) L Assnblies 

Fabrication; 
Commercial LUR Fuel 

Vestinghwse Colulbia, LEU Conversion Dry L Uet Complete Fuel 750 YES 
Electric South Carolina (UF6 t o  W); A s s b l i e s  

Fabricstion 8 Scrap 
Recovery; Collercial 
LUR Fuel 

- - - - - - - 
TOTAL 3,m 

a1 Low enrichment uranium 

Source: CEPA893 



the pathways for exposure or ingestion. Estimates of exposure and lifetime fatal cancer risks to 

nearby individuals and to those within an 80 kilometer radius serve as the basis for  the risk 

assessments. The risks are summarized in Table 1-4 for both nearby and regional populations 

[EPA89]. 

1.3.2 Current Emissions and Estimated Risk Leveh. 

1.3.2.1 Uranium Mills 

Emissions of radionuclides from uranium mills include those created during ore storage and milling 

processes, and those emitted by the mill tailings. Radon emissions from mill tailings piles are 

discussed in Chapter 4 of this volume and are not considered in this chapter. 

Emissions from ore storage result from the drying of the ore and its subsequent entrainment by wind 

or  from transfer operations. The milling process includes the crushing and grinding of ore and the 

leaching of uranium from the ore through either acid or  alkaline processing, depending upon the 

lime content of the ore. The precipitate that is formed is then dried in large ovens and packaged for  

transport. After the uranium product that can be extracted by leaching is separated from the ore, 

the remaining ore is pumped as slurry to a tailings impoundment area. A portion of the liquid is 

recovered and recycled, while the remainder is allowed to evaporate, producing a solid tailings pile 

composed of a sand fraction and a slime fraction. Active tailings piles contain both wet and dry 

areas. As sections dry out, the tailings can become a source of windblown dust. The dried slime 

component is particularly prone to becoming windborne due to its small particle size. The process 

steps that generate the significant emissions (other than radon from tailings piles) are crushing, 

drying, and packaging. Ninety percent of the U-234 and U-238 are released from the dryer area, 

while the Th-230 and Ra-226 emissions result primarily from operations such as crushing. 

Emissions for  this source category are analyzed in detail in Chapter 4 of Volume 2 of the 

Environmenlal lnzpact Statement, including a description of the basis for  the site-specific and model 

facilities used to assess the airborne releases of radionuclides from uranium mills. Also presented is 

information on the source term, meteorological, and demographic assumptions. Site-specific source 

term, meteorological, and demographic data for  each of the four operating mills and for  six of the 

seven mills on standby, were supplied as input to the assessment codes. A model mill was used for  

the assessment of doses and risks from the tailings piles of inactive mills. Outputs of the codes 

include estimates of: dose equivalents to the most exposed individuals (mrem/y); lifetime fatal 



Table 1-4 Fatal Cancer Risks from Atmospheric Radioactive Emission from Uranium Fuel 
Cycle Facilities (Excluding Radon from Tailing Piles) 

Highest Individual Regional (0-80 km) 
Lifetime Fatal Population 

Facility Cancer Risk Deaths/y 

Uranium Mills 
Ambrosia Lake 2E-7 3E-5 
Homestake 2E-4 2E-3 
La Sal 2E-6 3E-5 
Lucky Mc IE-7 7E-6 
Panna Maria 3E-6 5E-5 
Sherwood IE-6 8E-5 
Shirley Basin 6E-7 9E-5 
Shootaring 2E-7 7E-7 
Sweetwater 7E-7 2E-5 
White Mesa 6E-7 2E-5 
Model Inactive Tailings 2E-4 IE-4 

---- 
Total 2E-3 

Uranium Conversion 
Dry 3E-5 8E-4 
Wet 4E-5 6E-4 

Fuel Fabrication 4E-6 8E-5 

Nuclear Power Reactors 
Pressurized 
Water Reactors 3E-6 

Boiling Water 
Reactors 



cancer risk to the most exposed individuals; dose equivalents to the regional (0-80 km) population 

(person-rem/y); and the number of cancer deaths in the regional population per year of operation 

(deaths/year). 

The fatal cancer risks are summarized in Table 1-4 for both nearby and regional populations affected 

by either operating or closed mills. The total deaths per year in the 80 km regional population for 

uranium mill segment of the source category is estimated to be 2E-3. 

Two processes are used to convert uranium oxide to uranium hexaflouride. The dry hydrofluor 

process generates higher uranium emissions than the solvent extraction process since large amounts 

of dust are produced in the sampling, pre-treatment, and reaction stages. The solvent extraction 

process releases uranium as both soluble and insoluble aerosols which are vented to the environment. 

The atmospheric emissions used in the risk assessments for the reference dry and wet conversion 

facilities are shown in Table 1-5. The plant parameters utilized are specific to each plant [NRC 84, 

NRC85bI. Table 1-4 shows fatal cancer risks due to atmospheric radioactive emissions. The risk to 

nearby individuals of fatal cancer is estimated at 3E-5 and 4E-5 for the dry and wet processes, 

respectively. The lifetime risk to the regional population is 8E-4 and 6E-4 fatal cancers per year for 

the dry and wet processes, respectively (see Table 1-6). The total risk for  all uranium conversion 

facilities is estimated to be 1E-3 fatal cancers per year of operation in the regional populations, with 

a total of about 900,000 persons. 

1.3.2.3 Uranium Fuel Fabrication Facilities 

A model fuel fabrication facility was developed to estimate the risks associated with this class of 

facilities. The Westinghouse plant at Columbia, South Carolina was used as the basis for the model 

facility for most emissions. 

Table 1-7 shows the expected emissions from the model plant. The climatological and demographic 

data utilized are representative of the area proximate to the Westinghouse Facility a t  Columbia, 

South Carolina which was the basis for the model plant. The predominant exposure pathway is via 

inhalation, primarily of U-234. On a regional basis the risk of fatal cancers is estimated to be 8E- 

5 per year of operation. The total risk for an assumed industry of five operating fuel fabrication 

facilities is approximately 4E-4 fatal cancers per year. 



Table 1-5 Atmospheric Radioactive Emissions Assumed for Reference Dry and Wet Process 
Uranium Conversion Facilities. 

Emissions Solubility Class (%)(a) 
Facility Process Radionuclide (Ci/year) D W Y 

Allied Corp. Dry u-~at%?l@) 0.10000 56 30 14 
Metropolis, IL Th-230 0.00050 0 0 100 

Ra-226@) 0.00001 100 0 

Sequoya Fuels Wet ~ - ~ a t y - ~ l ( ' )  0.050 65 5 30 
Sequoga, OK Th-230 0.005 0 0 100 

Ra-2261') 0.005 0 100 0 

(a) Solubility classes D, W, and Y refer to the retention of inhaled radionuclides in the lungs; 
representative half-times for retention are less than 10 days for class D, 10-100 days for class 
W, and greater than 100 days for class W, and greater than 100 days for class Y. 

@) Particle size 3.4 um. 

CC) Particle size (uml % (Average: 1980- 1984) 

SOURCE: [EPA 891 



Table 1-6 Fatal Cancer Risks due to Atmospheric Radioactive Emissions- 
Uranium Conversion Facilities 

Process 

Nearby Regional (0-80 Km) 
Individuals Lifetime Population 
Fatal Cancer Risk Deathslyear 

Dry 3E-5 8E-4 

Wet 

Source: EPA 89 



Table 1-7 Fatal Cancer Risks due to Atmospheric Radioactive Emissions- 
Uranium Conversion Facilities 

Nearby Regional (0-80 Km) 
lndlviduals Liletime Population 

Process Fatal Cancer Risk Deathslyear 

b = y  r 
Wet 4E-5 6E-4 

Source: EPA 89 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































